Previous studies have observed an association between ABO blood group and risk of certain malignancies, including ovarian cancer; however, no prospective studies of the association with ovarian cancer risk are available. Using data from 49,153 women in the Nurses' Health Study, we examined the association between ABO blood group and incidence of epithelial ovarian cancer. Study participants reported their blood type and Rh factor in 1996, and 234 women were diagnosed with incident ovarian cancer during 10 years of follow-up. We used Cox proportional hazards regression to model the incidence rate ratios (RR) and 95% confidence intervals (CI) of ovarian cancer for each blood group category. Compared to women with blood group O, women with blood group AB or B had a non-significant 38% increase in ovarian cancer incidence (95% CI=0.88-2.16 for blood group AB and 0.96-1.99 for blood group B), while blood group A was not associated with risk (RR=0.95, 95% CI=0.70-1.30). Combining blood groups AB and B, we observed a statistically significant positive association with presence versus absence of the B antigen overall (RR=1.41, 95% CI=1.06-1.88) and for the serous invasive subtype (RR=1.53, 95% CI=1.08-2.17). In this large, prospective cohort of women, presence of the B antigen was positively associated with ovarian cancer incidence, while blood group A was not associated with risk. Additional studies are needed to confirm this association and to explore the mechanisms through which blood group may influence ovarian cancer risk.
INTRODUCTION
Previous studies suggest a possible association between ABO blood group and risk of certain malignancies, 1 including an increased risk of ovarian cancer for blood group A versus O; [1] [2] [3] [4] however, no prospective studies of the blood group/ovarian cancer association have been published. In a recent analysis of 107,503 men and women in two prospective cohorts, individuals with blood group A, AB, or B had an increased incidence of pancreatic cancer compared to those with blood group O, with the highest risk among those with blood group B. 5 Although the mechanisms for this association are unclear, blood group antigens are expressed on the surface of gastrointestinal, bronchopulmonary, skin, and urogenital epithelial cells, 6 suggesting that blood group may influence carcinogenesis at multiple sites. We therefore examined the association between ABO blood group and incidence of ovarian cancer over 10 years among 49,153 women in the Nurses' Health Study (NHS).
MATERIALS AND METHODS

Study population
The NHS began in 1976 when 121,700 U.S. female registered nurses aged 30-55 completed a mailed questionnaire about known and suspected risk factors for cancer and cardiovascular disease. Participants completed follow-up questionnaires every two years, providing updated information on lifestyle factors and disease diagnoses. The Committee on the Use of Human Subjects in Research at Brigham and Women's Hospital, Boston, MA approved this analysis, and all participants provided implied consent by completing the baseline questionnaire.
In 1996, we asked participants to report their blood type (A, AB, B, O, unknown) and Rh factor (positive, negative, unknown). Seventy-seven percent of respondents provided their blood type, and 95% of these women also provided their Rh type. A validation study comparing reported blood type to serologic testing in a subset of NHS participants observed a concordance of 93% for blood type and 100% for Rh factor. 5 Among women who answered the 1996 questionnaire, we obtained 97.9% of the total possible person-years through June 2006.
We collected data on covariates of interest on one or more questionnaires during follow-up. Height, frequency of genital talc use, and duration of breastfeeding across all pregnancies were reported on a single questionnaire, in 1976, 1982, and 1986, respectively. Questions on parity, oral contraceptive use, tubal ligation, hysterectomy, oophorectomy, menopausal status, postmenopausal hormone (PMH) use, weight, smoking status, lactose intake, and family history of breast/ovarian cancer were included on multiple questionnaires during follow-up. In our analysis, we updated the values for these covariates when new data were available and otherwise carried forward the values from the previous cycle or the last cycle when each covariate was assessed.
Identification of ovarian cancer cases
We collected information about new ovarian cancer diagnoses on each questionnaire. For all reported cases, as well as deaths due to ovarian cancer identified through family members, the U.S. National Death Index, or the U.S. Postal Service, we obtained medical records related to the diagnosis. An estimated 98% of all deaths in the NHS are captured through the National Death Index. 7, 8 A gynecologic pathologist blinded to exposure status reviewed the medical records to confirm the diagnosis, stage, histologic type/subtype, and invasiveness. Therefore, all cases included in the analysis were epithelial cancers confirmed by medical record review.
Statistical Analysis
We excluded participants who did not complete the 1996 questionnaire (n=20,745) or did not report their blood type (n=23,545). In addition, we excluded women with bilateral oophorectomy (n=18,536), menopause due to pelvic irradiation (n=53), or cancer other than nonmelanoma skin cancer (n=9,668) prior to 1996. Participants accrued person-time from the return date of the 1996 questionnaire until the date of ovarian cancer diagnosis, diagnosis of any other cancer (excluding nonmelanoma skin cancer), bilateral oophorectomy, pelvic irradiation, death, or the end of follow-up, June 1, 2006.
We used Cox proportional hazards regression to model the incidence rate ratios (RR) and 95% confidence intervals (CI) of ovarian cancer for each blood group category, compared to blood group O. In addition, we examined the association with Rh factor (Rh negative versus Rh positive) and presence versus absence of the A or B antigen (e.g., blood group AB/B versus O/A). We also evaluated associations with serous invasive/poorly differentiated cancers, but were unable to examine the other histologic subtypes separately due to the limited number of cases.
We evaluated several covariates as potential confounders, including parity, duration of oral contraceptive use, tubal ligation, hysterectomy, duration of breastfeeding, family history of breast or ovarian cancer, smoking status, body mass index (BMI), duration of PMH use, and lactose intake. All estimates were unchanged after controlling for these variables; we therefore adjusted our final models for continuous age in months only.
Using the methods of Kaplan and Meier, 9 we plotted the cumulative incidence of ovarian cancer by blood group, and tested for differences in ovarian cancer-free survival by blood group using the log-rank test. Finally, we assessed whether the association with blood group differed by level of several potential effect modifiers, including age, tubal ligation, oral contraceptive use, smoking history, regular talc use, lactose intake, BMI, and Rh factor. For variables collected on multiple questionnaires, we updated the values over time. In addition, we used BMI from the previous follow-up cycle, to minimize the possibility that preclinical ovarian cancer influenced this variable. We tested for effect modification by modeling interaction terms between each potential modifier of interest and indicator variables for each blood group category, and calculating likelihood ratio tests.
RESULTS
Our analysis included 49,153 women with 438,603 person-years between 1996 and June 2006, and 234 confirmed cases of epithelial ovarian cancer. Of the cases, 152 were serous invasive (65%), 26 were endometrioid (11%), 18 were mucinous (8%), and 38 had other, mixed, or unknown histology (16%).
There were no differences in the baseline characteristics of study participants by blood group (Table 1) . Forty-three percent of the women in our analysis reported blood type O, 36% type A, 8% type AB, and 13% type B. This frequency distribution is similar to that reported previously for white, non-Hispanic individuals in the United States. 10 Compared to women with blood group O, those with blood group AB or B had a nonsignificant increase in ovarian cancer incidence (RR=1.38, 95% CI=0.88-2.16 and RR=1.38, 95% CI=0.96-1.99, respectively) ( Table 2 ). Blood group A and Rh factor were not associated with risk (RR=0.95, 95% CI=0.70-1.30 for blood group A versus O; RR=1.03, 95% CI=0.75-1.40 for Rh negative versus positive). When we examined the association with presence of at least one A or B blood group allele, women with the B antigen (blood group AB/B) had a statistically significant 41% increase in ovarian cancer incidence (95% CI=1.06-1.88), compared to women without the B antigen (blood group O/A), but there was no association with presence of the A antigen (RR=0.95, 95% CI=0.73-1.23).
The results for the association with blood group AB, B, and AB/B combined were slightly stronger when we restricted the analysis to cases with serous invasive histology (Table 2) . However, only the association with presence of the B antigen was statistically significant (RR=1.53, 95% CI=1.08-2.17).
The difference between the cumulative incidence of ovarian cancer over 10 years of followup for women with blood group AB or B versus O or A was statistically significant (logrank P=0.01) (Figure 1) . The log-rank test was no longer significant when we examined the four blood groups separately (P=0.09) (results not shown).
The associations did not vary consistently across categories of other risk factors (results not shown). We observed a statistically significant interaction between blood group and BMI<25 versus ≥25 kg/m 2 (P-interaction=0.03; Supplementary Table 1) ; in stratified analyses, positive associations with blood groups AB and B were present among overweight women (RR=2.43, 95% CI=1.36-4.35; RR=1.84, 95% CI=1.08-3.12 for blood groups AB and B, respectively) but not among women with BMI<25 kg/m 2 (RR=0.66, 95% CI=0.30-1.45; RR=1.10, 95% CI=0.65-1.85 for blood groups AB and B, respectively). However, when we stratified by BMI<30 versus ≥30 kg/m 2 there was no evidence of a stronger positive association among obese women (P-interaction=0.47), although the number of cases with BMI ≥30 kg/m 2 and blood group AB (n=4) or B (n=9) was small.
DISCUSSION
In this large, prospective cohort of women, blood groups AB and B were associated with a borderline significant increased incidence of ovarian cancer. The magnitude of the association was similar for blood group AB and blood group B, suggesting that the B antigen may influence ovarian carcinogenesis. In analyses of presence versus absence of a B allele, we observed a statistically significant increase in incidence of all epithelial cancers and the serous invasive subtype. Although the sample size was limited, the stronger positive associations observed among overweight women should be evaluated in future studies.
Several studies have reported a positive association between blood group A and ovarian cancer risk, but no association with blood group B. 1-4, 11, 12 In four studies, the relative frequency of blood group A versus O was higher in ovarian cancer cases than in a large population sample, with estimates of the relative risk ranging from 1.17 to 1.28. [1] [2] [3] [4] Although our results do not rule out a modest positive association with blood group A, similar to that reported previously, there are several possible reasons for the observed differences between our results and those of prior studies. All of the previous studies used retrospective data, most did not adjust for age or other possible confounders, and several studies used controls that may not have been representative of the case population. Although we did not observe any confounding by known or suspected ovarian cancer risk factors in our analysis, there is some evidence that blood group distribution may differ by age, 1, 13 making it a potentially important confounder. Further, a few previous studies used hospitalbased control populations, which may not be representative of the blood group distribution in the general population if the conditions leading to hospitalization are associated with blood group. Changes in the population distribution of BMI over time also may have contributed to the differing study results, if BMI modifies the association with blood group. Finally, it is possible that blood group may influence ovarian cancer survival, which could affect the blood group distribution among cases in a retrospective study if some cases do not survive long enough to be enrolled in the study.
While the mechanism for an association between blood group and ovarian cancer risk is unknown, several possible explanations exist. The ABO gene on chromosome 9q34 encodes glycotransferases that catalyze the transfer of nucleotide donor sugars to the H antigen to form the ABO blood group antigens. 14 In addition to their expression on red blood cells, blood group antigens are expressed on the surface of gastrointestinal, bronchopulmonary, skin, and urogenital epithelial cells, 6 including some cells of the ovarian surface epithelium and ovarian inclusion cysts. 15 Modified expression of blood group antigens on cancer cells may influence tumorigenesis by altering glycosyltransferase specificity 5 or increasing cell motility, resistance to apoptosis, and immune escape. 6 Alterations in glycosyltransferase specificity may be particularly important for ovarian cancer, given evidence of the possible role of immunity against the glycoprotein MUC1 in inhibiting ovarian carcinogenesis. 16 Recent studies have reported associations between ABO genotype and levels of soluble ICAM-1, 17 tumor necrosis factor-alpha, 18 and soluble E-selectin, 19, 20 further supporting a role of the immune response in the association between blood group and ovarian cancer risk. The observed interaction with BMI also suggests a possible immune-mediated mechanism, as the stronger positive associations with blood groups AB and B among overweight women may be related to higher levels of systemic inflammation in these women. 21 Finally, it is possible that the ABO gene may be in linkage disequilibrium with another gene that influences ovarian cancer risk.
The prospective nature of our study greatly reduced the possibility that factors related to blood group influenced which cases were included in the analysis. Additional strengths of our analysis include the large study population, the high follow-up percentage, and the availability of detailed covariate data, which allowed us to examine confounding and effect modification by several exposures of interest. Excluding women with prior cancers may have influenced the blood group distribution of our study population if blood group is associated with these malignancies; however, given the size of our population this is unlikely to have had a large impact on the distribution or associations observed. Although the use of self-reported blood type may have introduced some exposure misclassification, the high concordance between reported blood type and serologic testing in a subset of participants suggests that these health professionals report their blood type with a high degree of accuracy. While the total number of cases in our analysis provided reasonable power, we were unable to examine associations with non-serous histologies; analyses in larger populations would be helpful in determining whether the association differs by histologic subtype. In addition, we were unable to examine differences in ovarian cancer survival by blood group, due to the limited sample size and the unavailability of data to adjust for treatment; this would be interesting to evaluate in future studies.
Our results are suggestive of a possible association between the B blood group antigen and increased risk of ovarian cancer. However, given the conflicting results of previous analyses, additional studies are needed to further explore this association. Studies of potential mechanisms for an association between blood group and ovarian cancer risk also are needed, as these studies may help to elucidate the mechanisms involved in ovarian carcinogenesis. 
